What effect do tree plantations have on the diversity of native organisms? Some studies show that plantations 14 reduce the diversity and abundance of certain taxa, while other studies suggested that plantations help to 15 conserve biodiversity. Pine and eucalyptus plantations are among the most widespread exotic plantations 16 worldwide, and they have negative effects on many taxa. But how do they affect amphibian diversity and 17 abundance? We barely know. We therefore tallied up the number of amphibian taxa and their abundance from 18 18 ponds in patches of native oak forests, pine or eucalypt plantations. We also quantified water quality by 19 measuring its physicochemistry and identifying the macroinvertebrates present in each pond. There were 20 significantly fewer amphibian species in tree plantations than in native forest. Compared to native forest, the 21 total density of amphibians was also significantly lower in eucalypt, but not pine, plantations. Species varied in 22 the effects of plantations on their presence and abundance. We suggest that the decline in the presence and 23 abundance of amphibians in plantations is linked to the physicochemical of pond water, combined with the 24 relatively low presence of invertebrate. It seems likely that earlier desiccation, greater toxicity, and poor quality 25 detritus in ponds in plantation are key drivers of species decline. The effects of these drivers are expected to 26 worsen as climate change continues.
Introduction 31 stronger in stationary (lentic) water systems, as water quality decline is exacerbated due to the steady leaf litter on water quality and therefore larval survival and/or adult breeding success; or to plantations lowering 61 the survival of juveniles and adults while on land.
63
We investigated how Eucalypt and Pine plantations affect the diversity and relative density of amphibian adults 64 and larvae. Most European amphibians have terrestrial adults that move to nearby ponds to breed. We therefore 65 focused our sampling efforts in the vicinity of, and in, ponds. We first characterized the amphibian assemblages 66 in ponds under native forests and Eucalypt and Pine plantations. We then measured physical, chemical and 67 biological properties of these ponds to determine which environmental characteristics might affect amphibian 68 diversity and abundance. We tested whether: 69 70 1) replacement of native forest by pine and eucalypt exotic plantations reduces the diversity and density of 71 amphibian species; 72 2) the assemblage of macroinvertebrates in ponds predicts amphibian diversity and density, because these 73 assemblages are related to long-term water quality and are themselves a food resource for amphibians; 74 3) water chemistry, wetland vegetation and the size/depth of ponds predict amphibian diversity and density.
76

Material and methods 77
Study site
78
We collected data at 18 ponds in Atlantic watersheds of the Basque Country: six under native 79 deciduous forest patches (Quercus robur L.), six under eucalypt plantations (Eucalyptus globulus) and another 80 six under pine plantations (Pinus radiata D.Don). The ponds were totally surrounded for at least 400 meters by 81 the corresponding habitat type. The climate of the study area is mesotemperate oceanic, with an average annual 82 temperature of 11.6-13.1ºC and an average annual precipitation of 1200 to >2000 mm [28] .
84
Sampling of amphibians and macroinvertebrates
85
We sampled each pond twice, in mid-March and in late May 2015, to increase the likelihood of finding 86 both winter and spring/summer breeding amphibians. Each sampling bout was less than a week to reduce 87 confounding effects of weather or time in the life cycle on habitat differences. All ponds were dipnetted by MI-
88
C for invertebrates and amphibians (larvae and adults) in a standardized way (effort: 1 minute m -2 ; net size: 1 89 mm mesh, 26 x 21 cm frame). We identified all amphibian species in situ, recorded the number of individuals and determined their sex and life cycle stages (larvae, metamorphic, juvenile or adult). We then released them back into the pond. We stored macroinvertebrates in 70% ethanol and transported them to the laboratory for 
131
The number of species differed among the three habitat types (F 2,15 = 9.95, p = 0.002, Fig. 1a ). There were 132 significantly more species in ponds in native forests (median: 4) than in either pine (1.5) or eucalypt plantations
133
(2) (Fig 1a) , but no difference between the two plantation types (Tukey HSD test: p = 0.70). There were also 134 differences in total density between native forests and plantations (F 2,15 = 4.29, p= 0.034, Fig 1b) . Amphibian 135 density was highest in ponds in native forests (mean ± SE: 72.53 ± 32.9 no. m -2 ), intermediate in pine 136 plantations (17.60 ± 7.52 no.m -2 ) and lowest in eucalypt plantations (8.15 ± 5.53 no.m -2 ), but the only 137 significantly pairwise different was between native forests and eucalypt plantations (Tukey HSD: p = 0.026).
138
Looking at each species separately, only the densities of A. obstetricans and R. temporaria varied significantly 139 with habitat type. A. obstetricans only inhabited native forests (1.77 ± 0.91 no.m -2 ) ( Table 1) . R. temporaria 140 occurred in all three habitats but at significantly different densities. The density was highest in oak forest (62.99 141 ± 33.26 no.m -2 ), intermediate in pine plantations (10.37 ± 6.34 no.m -2 ) and lowest in eucalypt plantations (0.11 142 ± 0.11 no.m -2 ), although the only significant pairwise difference was between oak forests and eucalypt 143 plantations (Tukey HSD: p = 0.014).
145
Environmental characteristics of ponds and relationship with amphibians 146 147 Ponds in native forests were significantly deeper (23.55 ± 6.85 cm) than those in pine (7.79 ± 0.83 cm) 148 and eucalypt plantations (8.44 ± 2.22 cm) (Table 2) . Similarly, pond surface area was bigger in native forests 149 (22 ± 5.90 m 2 ) than in pine (7.16 ± 0.20 m 2 ) and eucalypt (5.95 ± 1.59 m 2 ) plantations ( Table 2) . Although submerged, emerged and terrestrial vegetation cover varied widely among habitats (range of average values: families to water contamination, was significant different about habitat types: highest in native forests (56.67 ± 155 9.85), intermediate in pine plantations (31.83 ± 6.26) and lowest in eucalypt plantations (23.33 ± 6.77) (Tukey 156 HSD: p = 0.022) ( Table 2) .
Plantation effects on water and resource quality 181 182
We characterized the physicochemistry of the ponds to look at how plantations affect water quality, but we did 183 not detect any differences among the three habitat types. At first glance these findings are unexpected as 184 eucalypt leachates can cause a marked decrease in oxygen level and pH, and an increase in conductivity in only 185 a few days [22] . However, leaves from a range of tree species from alder, to eucalypt and pine can create 186 leachates with very similar characteristics for oxygen level, pH, and conductivity [38] . In contrast, the biotic 187 index for macroinvertebrates (IBMWP), was significantly higher in ponds in native forests than in eucalypt 188 plantations. This index is designed to assess water quality [39] which suggests that eucalypt plantations have 189 more toxic pond water. This conclusion is in line with the much higher concentration of phenolic compounds in 190 eucalypt leachates than in those from other species such as alder or pine [38] . Finally, water conductivity also 191 predicted amphibian richness which suggests that the accumulation of chemicals plays a role in amphibian 192 diversity.
194
Anuran larvae are detritivore feeders, which makes them very sensitive to the quality of plant remains [40] .
195
Detritus is known to be of lower quality in ponds in plantations than in native deciduous forest [21, 41] . This 
